One day old pullets derived from marginally vitamin A deficient laying hens were fed diets containing either adequate or marginal amounts of vitamin A. At the age of 34 days, animals fed the diet low in vitamin A had group mean plasma concentrations of retinol which were one tenth the mean plasma concentrations of controls. When compared with their controls, the deficient animals displayed body weights which were on average 16070 less. Of 20 pullets per dietary group one control animal and 9 deficient animals died by the age of 34 days. At the age of 29 days, control (n = 16) and deficient chickens (n = 11) were examined clinically by assigning scores to a number of parameters. Three assessors carried out the examination independently. The birds were presented for examination at random and their treatment groups were not disclosed to the assessors. Out of 26 parameters assessed quantitatively per individual animal, only three parameters discriminated between control and deficient chickens. Deficient animals grew poorly, had a hunched up posture and increased fluid content in faeces. Classical signs of chronic vitamin A deficiency in domestic fowl such as bone deformities, keratinization of the tongue and decreased transparency of the cornea were not observed.
Summary
One day old pullets derived from marginally vitamin A deficient laying hens were fed diets containing either adequate or marginal amounts of vitamin A. At the age of 34 days, animals fed the diet low in vitamin A had group mean plasma concentrations of retinol which were one tenth the mean plasma concentrations of controls. When compared with their controls, the deficient animals displayed body weights which were on average 16070 less. Of 20 pullets per dietary group one control animal and 9 deficient animals died by the age of 34 days. At the age of 29 days, control (n = 16) and deficient chickens (n = 11) were examined clinically by assigning scores to a number of parameters. Three assessors carried out the examination independently. The birds were presented for examination at random and their treatment groups were not disclosed to the assessors. Out of 26 parameters assessed quantitatively per individual animal, only three parameters discriminated between control and deficient chickens. Deficient animals grew poorly, had a hunched up posture and increased fluid content in faeces. Classical signs of chronic vitamin A deficiency in domestic fowl such as bone deformities, keratinization of the tongue and decreased transparency of the cornea were not observed.
Assessment of discomfort in laboratory animals is a subjective process, which can be carried out on the basis of clinical examination of the animals (Morton & Griffiths, 1985) . We have developed an approach to the objective clinical examination of laboratory rodents under study (Beynen et al., 1987) . In a blind study control and test animals are examined in random order. Several assessors carry out the examination independently. Scores are assigned to selected clinical parameters so that control and test animals can be compared in quantitative terms. Such a clinical examination can be used to assess discomfort, and may also provide additional information about the influence of the experimental treatment. There is only sparse information about experiences with clinical examination of experimental poultry (Morton & Griffiths, 1985) . In the course of studies on vitamin A deficiency in pullets (Sijtsma et al., 1989) , we had the opportunity to examine vitamin A-deficient and control animals. Our findings are reported here.
Materials and methods

Animals, housing and diets
Female, I-day-old, White Leghorn chickens (Gallus domesticus, strain Lohmann Selected Leghorn) with limited vitamin A reserves, progeny of marginally vitamin A-deficient laying hens, were housed in 2 cages (20 animals per cage) in an air-filtered room with negative pressure. Until the age of one week the pullets were kept on a plastic coated floor with circleshaped holes (diameter about 1cm). Afterwards, they were housed on wire-mesh bases with hexagonal holes about 1· 5 cm wide. The room was controlled for temperature (decreasing from 32 D C during the first days to 20 D C after 2 weeks), relative humidity (40-50070)and light-dark cycle (24 h dimmed light during the first two days and 10 h dimmed light and 14 h darkness per day from the third day).
From hatching, control (n = 20) and deficient chickens (n = 20) were fed purified diets ad libitum containing adequate (1200 retinol equivalents/kg feed) and marginal amounts of vitamin A (120 retinol equivalents/kg feed), respectively. Diets were manufactured in a pelleted form according to the National Research Council (1984) recommendations by the Institute for Animal Nutrition Research (IGMB-TNO), Wageningen, The Netherlands. Except for vitamin A content, both diets had an identical composition. The diets consisted of (g/100 g): soybean protein isolate, 21; DL-methionine, 0'3; corn starch, 28; dextrose, 28, 6; molasses, 5; coconut fat, 1· 5; soybean oil, 2· 5; cellulose, 6, 5; potassium bicarbonate, l' 5; sodium chloride, 0'4; magnesium oxide, 0'2; calcium carbonate, O' 5; dicalcium phosphate, 3; vitamin and mineral premix, 1·0. The vitamin and mineral premix contained (mg/kg diet): thiamine, 2· 5; riboflavin, 5' 5; panthothenic acid, 15; nicotinic acid, 50; pyridoxine, 5; biotin, 0'15; folic acid, 0'75; choline chloride, 1850; cyanocobalamin, O' 015; inositol, 100;p-aminobenzoic acid, 50; cholecalciferol, 30 (3000 i.u.); all-rac-a-tocopherol, 30; menadione, 5; L-ascorbic acid, 50; FeS04.7H20, 400; Mn02, 150; CuS04.5H20, 100;ZnS04.H20, 200; Na2Se03.5H20, 0'3; KI, 5; ethoxyquin, 100; vitamin A (added as retinyl acetate and retinyl palmitate; Rovirnix A 500, 522,000 i.u.l g, F. Hoffmann-La Roche & Co. Ltd, Basle, Switzerland), 1'15 or 11.5; dextrose, 6849, 635 or 6839·285. Water was provided ad libitum.
The chickens were studied for a total period Beynen et al. of 34 days during which body weight gain and vitamin A status were determined. Mortalities were recorded. Birds were examined for clinical signs of vitamin A-deficiency as described below.
Clinical examination
At the age of 29 days the chickens were examined clinically by three assessors trained in veterinary medicine (VB, HvH and FRS). Beforehand, each assessor had discussed the assessment scheme with ACB. Concerning the chickens they were told only that they would be dealing with either control or vitamin A-deficient animals. About one hour before examination, the chickens were placed individually in a Makrolon type III cage (37' 5 x 22· 5 x 15·0 cm) which was covered loosely with an inverted type III cage, enabling a ready exchange of air. Tape was used to hold both cages together. The cages were identified only by a number, and the animals distributed at random. Between 0900 and 1100h, the assessors carried out the clinical examination simultaneously, but without communicating with one another.
Immediately prior to clinical examination of individual animals, assessors 1 and 2 walked past the cages and classified the animals as control or deficient on the basis of general appearance. Assessor 3 carried out this procedure about 15 min after all animals had been examined clinically.
The cages were divided into 3 blocks each of 9 cages and the animals in each block were assessed by the three assessors according to a 3 x 3 Latin square. Clinical examination was performed by assessing each animal individually. Scores were recorded on a scale from 0 to 3 for each parameter, with values of 0 being assigned when no abnormal variation was detected. Depending on the severity of the abnormality, scores ranging from 1 to 3 were assigned. Most parameters were selected on the basis of known abnormalities induced by vitamin A deficiency (Lowe et al., 1957; Scott, 1959; Ewing, 1963; Sebrell & Harris, 1967; Scott et al., 1978) . The parameters were measured successively, using the scheme described below.
Initially, each animal was assessed in its cage on the basis of 7 parameters.
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Sound of breathing
Associated sounds such as snoring or squeaking were considered abnormal.
Alertness
If an animal was lethargic or inactive, it was considered abnormal.
Crossed beak abnormal.
A crossed beak was considered
Stance
An animal with hunched back was considered abnormal.
Gait
If an animal moved in an uncontrolled manner (ataxia), it was assigned a score of 1-3 depending on severity.
Feather coat
Uneven feather distribution and extension of feathers were considered abnormal.
Position of legs
If the animal was bowlegged it was considered abnormal.
Breathing
Heavy breathing with open beak was considered abnormal.
Development
Signs of retarded growth were considered abnormal.
Keratinization of tongue
Evidence of keratinization was taken as a sign of abnormality.
Enlargement of sublingual salivary gland
If an enlarged gland was detecte!i, scores of 1-3 were assigned.
Size of cleft palate
If the cleft palate was partially or fully covered, or closed, higher scores were assigned in this order.
Condition of oral mucosa
If lesions were present, scores of 1-3 were given.
Discharge from nares
If present, scores of 1-3 were assigned, depending on the gravity.
Microphthalmia
was considered After examination of the chickens in the cage by the three assessors, each chicken was removed for closer examination on the basis of the following parameters.
Size of eyes abnormal.
Discharge around the eyes scores were assigned.
If present, high
Enlargement of joints
Joints oflegs and wings were palpated to detect possible enlargement and, if present, scores of 1 to 3 were assigned.
Response to palpation of joints
While palpating the joints, each animal was observed carefully for withdrawal of limbs and, if this was found, scores of 1-3 were assigned.
Feather quality
Damaged and ruffled feathers were taken as signs of abnormality.
Cleanliness of cloacal orifice
A heavily soiled orifice was assigned a score of 3.
Colour of comb
A pale, instead of bright red, comb was considered abnormal.
Position of eyes
En-or exophthalmia was considered abnormal.
Transparency of cornea
If the cornea was not transparent, high scores were given.
Fleshcover of breast bone
The degree of fleshcover of the breast bone was considered as an index of energy and general nutritional status.
Spreading reflex of toes
When an animal was lifted slightly and subsequently released, and the spreading reflex of toes was absent, high scores were assigned.
Consistency of faeces
High fluid content in faeces was considered abnormal.
Retinol analysis
At the age of 30 days, blood samples were taken from the basilic vein, and after centrifugation plasma was stored at -20°C. Plasma retinol was determined by a reversed-phase high performance liquid chromatography method modified from that of Driskell et al. (1982) .
Results
At the age of 30 days, vitamin A-deficient chickens had markedly lowered retinol concentrations in plasma ( Table 1) . Of the 20 normal and 20 deficient chickens hatched on day 0, one control and 9 deficient animals died before the end of the experiment (day 34). At the end of the experiment, plasma levels of the acute-phase protein, fibrinogen, were similar in normal and deficient chickens (7· 8 ± 2·3 versus 7,6 ± 1. 3 fUllol/l; means ± SO), suggesting that the deficient animals did not have any bacterial infections (Koj, 1985) .
Up until day 28, body weights refer to the animals examined clinically. Although the influence of vitamin A deficiency is underestimated General appearance of the chickens, when still, was slightly different between normal and deficient animals. In essence, deficient chickens were slightly more lethargic and had a hunched posture. On average, 65% of the deficient chickens were classified properly on the basis of their general appearance. However, about 25% of the control chickens were falsely characterized as deficient.
Out of 26 parameters assessed quantitatively per individual chicken, the following parameters obtained values of zero (i.e. were considered as normal) in essentially all deficient and control chickens: enlargement of joints, response to palpation of joints, cleanliness of anal orifice, sound of breathing, crossed beak, keratinization of tongue, enlargement of sublingual salivary gland, size of cleft palate, discharge from nares, size of eyes, discharge from eyes, position of eyes, and transparency of cornea. Only stance, development and consistency of faeces tended to discriminate between normal and deficient chickens (Table 2 ). There was, however, pronounced between-assessor variation in the assignment of scores to these parameters. The best estimate of each score is the average score given by the three assessors. Table 2 presents the mean frequency distribution of the scores from the assessment of stance, development and consistency of faeces. The difference between the frequency distributions of stance scores did not reach a level of statistical significance. Body development and consistency of faeces were significantly altered in vitamin A-deficient chickens. Thus vitamin A deficiency reduced growth, and produced a higher incidence of watery faeces.
Discussion
As would be anticipated (Lowe et al., 1957; Sijtsma et al., 1989) , vitamin A deficiency in pullets resulted in a marked decrease in plasma concentrations of retinol compared with controls. Body-weight gain in deficient animals was reduced, and the incidence of mortality increased (Table 1) . Although the degree of vitamin A deficiency was marked, clinical examination did not reveal the classical clinical signs of chronic vitamin A deficiency (Lowe et al., 1957; Scott, 1959; Ewing, 1963; Sebrell & Harris, 1967; Scott et al., 1978) such as bone deformities, keratinization of the tongue and decreased transparency of the cornea. Thus, despite the increased mortality, the animals were not clearly affected by the vitamin A deficiency during the period of observation. It may well be that the classical clinical signs of deficiency would have developed if the animals were maintained for a longer period on the deficient diet. The stance of the vitamin A deficient chickens tended to be abnormal as they hunched their backs more frequently (Table 2) . On the basis of this parameter, normal and deficient animals could be discriminated reasonably well by mere observation of the animals. Vitamin A deficiency reduced weight gain (Table 1) , and clinical examination revealed that deficient animals developed slower than the controls. However, decreased fleshcover of the breast bone could not be detected. The incidence of watery faeces was higher among deficient chickens. Since vitamin A deficiency reduces the integrity of mucosal tissues, including intestinal mucosa (Ewing, 1963) , diarrhoea in the deficient chickens was to be expected. The observed high fluid content in faeces might have been aggravated by the use of the purified diet.
Although there was evidence of discomfort, as expressed by altered stance, watery faeces and increased mortality, the chickens did not show severe signs of vitamin A deficiency. This could imply that the model developed is acceptable for studying certain aspects of vitamin A deficiency. However, from an experimental and ethical point of view, the discomfort of the animals should be kept to a minimum. The criteria used in the clinical examination and assessment of discomfort in this study provide means to allow this to be done. In this respect both the research worker and animal technician have important roles in minimizing discomfort in experimental poultry. 
